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primary combustion) in the gasi?cation chamber with
out excessive compaction by gravity and loss of poros

BIOMASS GASIFIER COMBUSTOR

ity. A venturi pump is provided which creates a nega
BACKGROUND OF THE INVENTION
1. Field of the Invention
This application is a continuation of application Ser.

tive pressure region within the entire system. Primary
air is drawn through and passes through the ?re zone
generating a gas which is exhausted into the secondary
combustion chamber as a low BTU gas where it under
goes a secondary combustion. Consequently, the gas
i?er combustor of the present invention produces a
clean combustion gas (exhaust) which can be used di

No. 350,412 ?led Feb. 19, 1982, now abandoned, which
is a continuation of application Ser. No. 113,339 ?led
Jan. 18, 1980, now US Pat. 4,334,484, and relates to a

biomass gasi?er combustor for burning crop residue and
more speci?cally to a biomass gasi?cation process for

rectly for grain drying purposes without the need to

producing clean combustion gas to be used for grain
drying or other applications where thermal energy is

resort to the use of a heat exchanger for isolating the

2. Description of the Prior Art

combustion gases from the drying air. The pressure
drop across the gasi?er from the primary air inlet to the
gasi?er to the gas inlet to the secondary combustion

In the prior art, it was required to use a heat ex

chamber, is always maintained positive by increasing

required.

changer to isolate the combustion gases from the drying
the ori?ce passage resistance of the existing gas by de
air so that the drying air could then be used for grain
creasing the ori?ce size of the gas exit area between the
drying or other applications where thermal energy is
gasi?er and secondary combustion chamber thus per
required. This prior art heat exchanger was required 20 mitting suf?cient secondary air to be pulled into the
because the combustion gases contained excessive par
ticulate matter and unburned combustibles. The pres
ence of this particulate matter and unburned combusti
bles in the gases eliminated the possible use of these

secondary combustion chamber for a wide range of
gasi?cation rates. Thus, when burning occurs at a very
low gasi?cation rate and the pressure drop across the

gasi?er would normally become negative because the
bouyant pressure generated in the gasi?er surpasses, in

combustion gases for grain drying purposes. Conse
quently, the heat exchanger was required in order to
produce a clean ?ow of drying air.

magnitude, the pressure loss due to ?ow resistance
within the gasi?er, the reduced size of the ori?ce com

pensates and develops the necessary positive pressure

SUMMARY OF THE INVENTION

drop.

It is, therefore, an object of the present invention to

Further scope of applicability of the present inven
tion will become apparent from the detailed description
given hereinafter. However, it should be understood

provide a biomass gasi?er combustor which will over
come the above noted and other disadvantages.

Another object of the present invention is to provide

that the detailed description and speci?c examples,

a biomass gasi?er combustor which burns crop residue
or other biomasses clean enough so that the combustion
gases can be used directly for grain drying purposes
without the need for a heat exchanger to isolate the

combustion gases from the drying air.
Still another object of the present invention is to
provide a biomass gasi?er combustor which includes a 40
screw feeder tube and a screw feeder disposed therein,

the screw feeder tube being disposed horizontally to
provide a mechanical force for forcing the biomass into

while indicating preferred embodiments of the inven
tion, are given by way of illustration only, since various
changes and modi?cations within the spirit and scope of
the invention will become apparent to those skilled in
the art from this detailed description.
BRIEF DESCRIPTION OF THE DRAWINGS
The present invention will become more fully under

stood from the detailed description given hereinbelow
and the accompanying drawings which are given by

a horizontally disposed gasi?cation chamber thereby

45 way of illustration only, and thus are not limitative of
not relying on gravity to feed the gasi?er.
the present invention and wherein:
A further object of the present invention is to provide
FIG. 1 is a perspective view of the biomass gasi?er
a biomass gasi?er combustor which includes a screw
combustor of the present invention illustrating the bio
feeder tube, and a screw feeder disposed therein which
mass feeder including the screw feeder, the gasi?cation
provides for a partial seal at the feed end of the gasi?er.
Yet, another object of the present invention is to 50 chamber, the gas combustion chamber, and the venturi
gas pump creating the negative pressure region;
provide a biomass gasi?er combustor having an im
FIG. 1A is a simpli?ed perspective view of the
proved gasi?cation chamber which permits controlled
damper for the secondary air inlet;
combustion of the biomass and allows the rate of bum
FIG. 1B is a larger view of the pressure blower of
ing to be adjusted to the required output.
Still a further object of the present invention is to 55 FIG. 1 having a damper thereon;
FIG. 2 is a perspective view of the gasi?cation cham
provide a biomass gasi?er combustor which operates
ber taken along section lines 2-—2 of FIG. 1;
properly under conditions of low gasi?cation rates and
FIG. 3 is a perspective view of an alternate embodi
a positive bouyant force in the gasi?er.
ment of the gasi?cation chamber of the present inven
These and other objects of the present invention are

accomplished by providing a gasi?er combustor

60

tion;

FIG. 4 is a schematic view of the operation of the
biomass gasi?er combustor of FIG. 1;
chamber by a screw feeder. The gasi?cation chamber
FIG. 5 is a sectional view of an automatic controller
does not require a mechanical seal since the screw
in controlling biomass feeding into the gasi?cation
feeder tube together with the screw feeder functions as
a partial seal at the feed end of the gasi?er. In addition, 65 chamber of FIG. 1;
FIG. 6 is a sectional view of an alternate embodiment
the biomass is horizontally forced into the ?re zone by
of the biomass gasi?er combustor of the present inven
a mechanical force instead of the conventional gravity
feed. As a result, the biomass is gasi?ed (undergoes a
tion;

wherein the biomass is forced into the gasi?cation

3
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FIG. 7A is a detailed view of the primary combustion

chamber and associated peripheral equipment for the
biomass gasi?er combustor of FIG. 6;
FIG. 7B is a detailed view of the secondary combus

tion chamber and associated peripheral equipment for
the biomass gasi?er combustor of FIG. 6.
DETAILED DESCRIPTION OF THE
INVENTION
Referring to FIG. 1, a biomass gasi?er combustor 2 is
shown which includes a biomass feeder 4 integrally

connected to a gasi?cation chamber 6. The gasi?cation
chamber 6 communicates with the gas combustion
chamber 8. The gas combustion chamber 8 further com
municates with a venturi gas pump 10. The venturi gas

pump 10 creates a negative pressure region within the
combustor 2. The biomass feeder 4 includes a gear
motor drive screw 12 which rotatably drives a screw

4.

response to the venturi gas pump 10. Covering the sec

ondary air inlet 26, a damper 27 is rotatably engaged
thereto to meter the proportion of secondary air being
drawn thru the secondary air inlet 26 and into the sec—

ondary combustion chamber. See FIG. 1A. The damper
27 can be rotated to cover all or a portion of the air inlet

opening of the secondary air inlet 26. The ratio of the
secondary air to the primary air entering the system is
thus controlled by the damper 27. The system is de
signed such that there is a tendency to pull in excess
secondary air. Thus a damper is required on the second

ary air inlet only to reduce the amount of secondary air
to the desired level. The amount of secondary air may
be increased to a level where no smoke is evident in the
exhaust. Typically, between 50~200% excess air is used.
When burning at a very low gasi?cation rate is such
that a differential pressure across the gasi?er of the

present system becomes negative, this indicates that
feeder 14 disposed within a hopper 16. The screw
bouyant forces developed within are creating a positive
feeder 14 rotates through a feeder tube 18. As the screw 20 pressure within the gasi?er and the gasi?er thus tends to
feeder 14 rotates, the blades of the screw feeder 14

travel through the feeder tube 18 and into the gasi?ca

produce gas at a rate determined by these bouyant
forces and not by the pull of the venturi pump. To

tion chamber 6.
eliminate this problem the gas exit area herein 24 be
Referring to FIG. 2, there is shown a sectional view
tween the gasi?er and the secondary combustion cham
25
of the gasi?cation chamber 6, shown in a half-section.
ber is reduced to create a resistance or pressure drop
The gasi?cation chamber 6 includes an area generally
across the ori?ce passage which is greater than the
denoted as a ?re zone 20. The gasi?cation chamber 6
pressure
loss across the secondary air inlet 26 and
further includes a plurality of holes 22 utilized as an air
damper 27. The sum of the resistance across the gasi?er
entrance for primary air communicating with the ?re
and ori?ce passage is still controlled to be less than the
zone 20. A gas exit tube 24 is disposed on a top portion
air resistance across the damper and secondary air inlet.
of the gasi?cation chamber, communicating with the
Thus,
by increasing the ori?ce passage resistance even
?re zone 20 on one end and with the gas combustion
at low gasi?cation rates there will always be excess air
chamber 8 on the other end having a reduced cross
being drawn in the secondary air inlet and always a
sectional area so as to develop a positive pressure drop
between the gasi?er 6 and the secondary combustion 35 need for closing the damper. As a result of controlling
the ori?ce size in the manner described above, hot gases
chamber 8.
can always be pulled from a system of the nature herein
Referring now to FIG. 3, another embodiment of the
de?ned without having to mechanically control two of
present invention is shown which includes an improved
the three ?ows (primary air flow, secondary air flow, or
modi?cation to the gasi?cation chamber 6 of FIG. 1.
exhaust) with a fan or blower. Using two blowers
‘ The gasi?cation chamber 6 in FIG. 3 includes a mani
would complicate the controls and modulation.
fold section 40 for preventing large pieces of the bio
The gas combustion chamber 8 also includes insulat
mass from being carried into the gas combustion cham
ing ?re brick 28 and a castable insulating refractory 30.
ber 8. This gasi?cation chamber 6 in FIG. 3 also in
A sheet metal enclosure 32 encloses the entire gas com
cludes a variable height grate 42. The variable height
grate creates a larger volume in the ?re zone and is not 45 bustion chamber around the outer portion thereof. The
primary air is drawn through openings 17 and the hot
disrupted by the turning of the screw feeder 14. The
glowing coals 15 as a result of the negative pressure
ash, which is the product of the primary combustion of
region created by the venturi pump 10 shown in FIG. 1.
the biomass in the gasi?cation chamber 6, falls through
The venturi gas pump 10 includes a pressure blower 34
the holes 44 in the variable height grate. The screw
feeder 14 runs the entire length of the ?re zone 20 inside 50 for providing the forced air necessary to create the
negative pressure region within the combustor 2.
the gasi?cation chamber 6 to spread the biomass over
Referring to FIG. 1B, the pressure blower 34 is
the entire ?re zone area. Exit chamber 24 having a
shown. The blower 34 includes a fan inlet 35 for allow
reduced diameter directs the gasi?ed gases to the com
ing air to enter the blower 34. Covering the fan inlet 35
bustion chamber.
Referring once again to FIG. 1, positioned below the 55 is a damper 37. The damper 37 is rotatably engaged to

gasi?cation chamber 6 are primary air inlet openings 17.
Primary air is drawn through openings 17 in response to
the negative pressure region created by the venturi gas

the fan inlet 35 to cover all or a portion of the fan inlet

35. The damper 37 controls the amount of heat gener
ated within the gasi?cation chamber 6 and the gas com
bustion chamber 8. The gasi?er combustor of the pres
pump 10. As combustion gases are created in the gasi?
cation chamber 6, these gases exit through the gas exit 60 ent invention permits controlled burning of the biomass.
The rate of burning is controlled by adjusting the
tube 24 and into the gas combustion chamber 8. The
damper 37 on the intake of the pressure blower 34.
purpose of the gas (or secondary) combustion chamber
' Opening the damper will increase the suction pressure
8 is to provide an insulated chamber with sufficient
on the gasi?er combustor and consequently increase the
oxygen, temperature, residence time and turbulence to

completely oxidize the organics to CO2 and I120. The 65 primary and secondary air rates. The increase in pri
gas combustion chamber 8 includes a secondary air inlet

mary air will increase the rate of biomass conversion

26 which permits the flow of air through the air inlet 26

and consequently the rate of heat generation. Closing

to the gas combustion chamber 8 once again drawn in

the damper will have an opposite effect.
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In operation, the biomass gasi?er combustor 2, ap
pearing in FIG. 1, produces a clean combustion gas
which can be used directly for grain drying without the

6

Note that refractory insulation exists between the
gasi?cation chamber 6 and the secondary combustion
chamber 8. This reduces the amount of heat which is
transferred from the secondary combustion chamber 8
to the gasi?cation chamber 6.
Referring to FIG. 5, an automatic control of biomass

need for a heat exchanger to isolate the combustion

gases from the drying air. The biomass, which includes
materials such as corn‘ stalks, corn cobs, corn grain,

wood chips, or other biomasses is placed in the hopper

feeding into the gasi?cation zone is disclosed. The

16 so that the biomass may be engaged by the blades of
the screw feeder 14. When the biomass is engaged by

screw feeder 14 feeds the biomass into the gasi?cation
chamber 6. A paddle 21 is rotated in response to the

the blades of the screw feeder 14, and as the screw 10 action of its controller 23. As the screw feeder feeds the

feeder rotates in response to the action of the gear
motor screw drive 12, the biomass is forced into the
feeder tube 18 of the biomass feeder 4 and into the gas
i?cation chamber 6.
The venturi gas pump 10 creates a negative pressure
region in the combustor 2 due to the operation of the
pressure blower 34 in providing a continuous flow of
forced air through the venturi gas pump 10. The nega
tive pressure can be controlled through the use of

damper 37 covering the fan inlet 35 of blower 34. Since
the venturi gas pump 10 communicates with the internal
gas combustion chamber 8, a negative pressure region is
created in such a way as to cause the combustion gases

biomass into the gasi?cation chamber 6, the biomass
accumulates and eventually interrupts the rotation of
the paddle 21. When the paddle rotation is interrupted,
a micro switch in the controller 23 is triggered which
feeds a controller signal back to the gear motor drive
screw 12 to prevent rotation of the screw feeder 14.
Consequently, the rotation of the screw feeder 14 termi

nates, and the biomass is no longer forced into the gasi?
20

cation chamber 6. As burning proceeds in the gasi?ca
tion chamber 6, the level of the biomass in the gasi?ca
tion chamber drops. This drop in the level of the bio
mass in the gasi?cation chamber acts to release the
paddle 21 and rotation of the paddle once again com

mences. The micro switch in the controller 23 is re
present in the gas combustion chamber 8 to exit through
25 leased, releasing the gear motor drive screw 12, and .
an opening 38, eventually being exhausted to the atmo
commencing rotation of the screw feeder 14. Biomass is
sphere in the form of hot exhaust gases. Concurrently
then forced back into the gasi?cation chamber 6 for
with and in response to the creation of the negative
subsequent combustion.
pressure region in the combustor 2 due to the action of
Referring to FIG. 6, an alternate embodiment of the
the venturi gas pump 10, primary air enters the openings 30 present invention is illustrated. The biomass gasi?er
17, and passes through the holes 22 and into the tire
combustor 46 in FIG. 6 depicts a primary combustion
zone 20 of the gasi?cation chamber 6. The biomass is
chamber 48 and a secondary combustion chamber 50.
present in the ?re zone 20 when the primary air is
The screw feeder rotates, as in the previous embodi
forced through the holes 22.
ment, and forces the biomass into the primary combus

Referring to FIG. 4, when the primary air is drawn
through openings 17, in response to the negative pres

sure created by the venturi pump 10 (not shown), and
when the primary air passes through the grate 13 and

through the hot glowing coals 15, hot combustion gases
are created as a result of the burning of the biomass in

tion chamber. Primary air is drawn into the primary
combustion chamber through the primary air inlet 52.
This primary air gasi?es the biomass present within the
primary combustion chamber. The biomass 56 under
goes a primary combustion in the primary combustion
chamber to produce a low BTU gas. Primary combus

the combustion chamber 6. These hot combustion gases
tion gases are released and drawn through a gas exit
exit through the gas exit tube 24, and into the gas com
pipe 58 of a reduced diameter. The gas exit pipe 58
bustion chamber 8 in response to the creation of the
connects with the secondary combustion chamber 50.
negative pressure region within the combustor 2. An
As the primary combustion gases enter the secondary
ash pan 19 collects the ashes of the hot glowing coals 45 combustion chamber, a propane torch 61 ignites the
15.
primary combustion gas upon start up when the second
Secondary air is drawn through the secondary air
ary combustion chamber is cold. After starting and the
inlet 26, in response to the creation of the negative
secondary combustion chamber is hot, the ignition of
pressure in the gas combustion chamber 8. The second
the gas and secondary air are self-sustaining and the
ary air combines with the hot combustion gases in the
igniter 61 is not necessary. The primary combustion
gas combustion chamber 8. The reaction of the hot
gases mix with the secondary air being drawn into the
combustion gases with the secondary air in the gas
secondary air inlet 60. When the primary combustion
combustion chamber 8 causes the hot combustion gases
gas is mixed with the secondary air in the secondary
present in the gas combustion chamber 8 to undergo a
combustion chamber 50, a secondary combustion of the
complete combustion, or a secondary combustion,
primary combustion gases takes place, thereby produc
which oxidizes all the combustibles present in the hot
ing a clean secondary gas consisting of primarily CO2,
combustion gas. An intense heat is created in the sec
H20, 02 and N2. Suf?cient time, temperature and turbu
ondary gas combustion chamber 8, typically, 1700° F.,
lence is caused as a result of the secondary combustion
and CO2 and H20, the products of combustion, are
within the secondary combustion chamber 50 in order

exhausted to the atmosphere by exiting through the
opening 38. The venturi gas pump 10 carries and ex

hausts the hot exhaust gases (CO2, H2O, N2 and 02),

to completely oxidize the organics present in the pri
mary combustion gas thereby producing the secondary
combustion gas in the form of CO2, H20, 02 and N2.

which are the product of the secondary combustion
Since the secondary air is being drawn into the second
occurring within the gas combustion chamber 8. These
ary air inlet 60, the secondary combustion gases exit
hot exhaust gases are suf?ciently clean such that they 65 through the exhaust stack 62 and to the atmosphere.
can be used directly for grain drying without the need
The secondary combustion gas (exhaust) is drawn
for a heat exchanger to isolate the hot exhaust gases
through the secondary combustion chamber by the

from the drying air.

negative pressure generated by the eductor which per

7

4,531,462

8

forms a function identical to the venturi pump 10 in
FIG. 1. Thus, only an exhaust pump, in this case the

mixing zone 80. The mixing zone 80 provides the neces
sary turbulence to thoroughly mix the incoming sec

eductor, is used to pull hot gases from the present sys
tem and simultaneously pull both the primary and sec
ondary air into the system. This works because the
resistance to the ?ow of gases through the gasi?er is
very small.
A more thorough understanding of the alternative
embodiment appearing in FIG. 6 may be obtained from
the illustrations in FIGS. 7A and 7B. In FIG. 7A, the

ondary air with the incoming primary combustion gas.
Thorough mixing of the incoming secondary air and the

primary combustion chamber and its associated periph
eral equipment is shown. The screw feeder 14 forces the

biomass into the primary combustion chamber 48. The
gear motor drive screw 12 drives the screw feeder in

incoming primary combustion gas enhances the com
plete combustion of the combustibles present in the
primary combustion gas and provides for a clean ex

haust consisting primarily of CO2, H20, 02 and N2.
The eductor exhaust pump 82, located at the top
portion of the exhaust stack 62, creates a negative pres
sure region in the secondary combustion chamber and
functions as the venturi pump of FIG. 1. By regulating
the rate at which the exhaust is pulled through the sys
tem in the eductor 82, the rate of burning and conse

forcing the biomass into the primary combustion cham

quently the thermal output is also regulated. A damper

ber. A variable height grate 64 is illustrated wherein the

84 regulates the rate at which the exhaust is pulled
through the exhaust stack 62 from the system. The
damper 84 also regulates the thermal output of the sys

biomass is placed thereon. The primary air is introduced
through the primary air inlet 52 into primary combus

tion chamber 48. A controller 68 is shown which main
tem.
tains a constant level of biomass in the primary combus 20
In the secondary combustion chamber 50, the second
tion chamber 48. This controller 68 maintains the con
ary combustion gas is produced in response to the mix
stant level of biomass in the primary combustion cham
ture of the incoming secondary air and the incoming
ber by monitoring the rotational conditions of the pad
primary combustion gas, and in response to the resul

dle 70. When the biomass in the gasi?er reaches a prede
tant combustion of the incoming primary combustion
termined level, the paddle 70 is prevented from rotat 25 gas. The secondary combustion chamber 50 provides a
ing. A micro switch in the controller housing 72 is
zone with suf?cient time, temperature and turbulence to
activated or triggered as a result of the termination of
completely oxidize the combustibles present in the in
the rotation of paddle 70. The activation of the micro
coming primary combustion gas. Consequently, the
switch in the controller housing 72 deenergizes the gear
exhaust from the second combustion chamber includes
motor drive screw 12 such that the screw feeder 14

primarily CO2, H20, 02 and N2. The refractory insula

stops rotating. As a result, the biomass then is no longer
forced into the primary combustion chamber 48.

‘ ber, maintains the temperature in the secondary com

tion 86 in insulating the secondary combustion cham

The variable height grate 64 controls the temperature
of the primary combustion gas exiting the gasi?er 48. In

bustion chamber at a high level such that chemical
reactions will proceed to completion in a short time. No
the case of the gasiflcation of corn cobs, the tempera 35 heat is extracted from the secondary combustion gas or
ture of the primary air ?owing up through the biomass
exhaust gases until the organics present have been com
will drop from approximately 2200" F. at the grate 64 to
pletely oxidized. Some heat is lost by conduction
approximately 570° F. at the screw feeder 14. As a

through the walls of the apparatus.

result of this drop in temperature, a steel screw feeder
Some of the typical applications for use of the present
14 can be used for the feeder screw in forcing the bio 40 invention include grain drying, tobacco curing, disposal
mass into the primary combustion chamber. Thus, it is
of peanut shells, disposal of woodchips and use of a
no longer necessary to utilize expensive alloys high in
thermal energy for kiln drying, and utilization of heat
chrome and nickle as materials for the screw feeder 14
for drying and disposal of wastes to generate boiler

to withstand high temperatures. This temperature drop
steam.
realized is fuel dependent, and the temperature drop 45 The gasi?cation chamber of the present invention
experienced will vary from fuel to fuel. Also, various
does not require a mechanical seal since the screw
properties such as particle size, moisture of the fuel, etc.
feeder tube 18 together with the screw feeder 14 func
will make a difference.

tions as a partial seal at the feed end of the gasi?er. In

Referring to FIG. 7B, the secondary combustion
chamber 50 and its associated peripheral equipment is
shown. An igniter 74 is illustrated for the purpose of

addition, the biomass is horizontally forced into the ?re

maintaining a flame 76 in the mixing zone to prevent gas
explosions during start up and to add stability when the
gas temperature falls below l200—l400° F. A secondary
air inlet 60 is shown which directs the excess secondary
air into the secondary combustion chamber 50. Excess
secondary air is needed to complete the combustion of

the primary combustion gas in the secondary combus
tion chamber and is used to keep temperatures in the
secondary combustion chamber lower than the temper

SO zone by a mechanical force (the action of the screw

feeder 14) instead of the conventional gravity feed. As a
result, the present invention enables the biomass to be
gasi?ed in a uniform ?re bed which results in uniform
burning. The biomass gasi?er combustor 2 of the pres
ent invention produces a clean combustion gas which

can be used directly for grain drying without the need
for a heat exchanger to isolate the combustion gases

from the drying air.
The invention being thus described, it will be obvious

ature limit of the materials used in construction of the

that the same may be varied in many ways. Such varia
tions are not to be regarded as a departure from the

secondary combustion chamber.
The secondary air inlet 60 further includes a damper

spirit and scope of the invention, and all such modi?ca

78 which controls the amount of excess air being drawn

intended to be included within the scope of the follow

into the secondary combustion chamber. The incoming
primary combustion gas from the primary combustion
chamber is mixed with the incoming secondary air
being pumped into the secondary air inlet 60 in the

ing claims.

tions as would be obvious to one skilled in the art, are

What is claimed is:
1. An apparatus for producing a clean combustion gas
in response to combustion of a biomass mixture disposed

4,531,462
therein and for drying an object using said clean com
bustion gas, which comprises in combination:

10

said biomass mixture comprises a highly porous
fuel having a low moisture content;
means for producing a primary flow of air into said.

a screw feeder means for feeding said biomass mix
ture into said apparatus, said feeder means being

?rst combustion chamber means;
primary air inlet port means responsive to said means

horizontally disposed for feeding said biomass mix

for producing said primary ?ow of air into said ?rst
combustion chamber means, the primary air ?ow
ing from said primary inlet port means through the

ture into said apparatus along a horizontal direction

and having an augered con?guration for forcedly
feeding said biomass mixture into said apparatus;
a ?rst combustion chamber means for receiving said
biomass mixture from said feeder means and bum

porous fuel in said ?rst combustion chamber means

thereby burning the porous biomass mixture

ing said biomass mixture therein thereby producing

therein;

a ?rst combustion gas, said feeder means extending

transversely within said ?rst combustion chamber
means for levelling the biomass mixture received
therein, said feeder means being horizontally dis 15
posed in a plane within said ?rst combustion cham

ber means, said plane substantially corresponding

?rst gas outlet port means for permitting said ?rst
combustion gas to exit from said ?rst combustion
chamber means to said second combustion cham
ber means;

whereby the level sensing means stops the feed of said
screw feeder means when the biomass mixture in

to the maximum desired level of said biomass mix
said ?rst combustion chamber has reached a prede
ture in said ?rst combustion chamber means, said
termined level, an even biomass distribution being
feeder means sealing said ?rst combustion chamber
achieved in said ?rst combustion chamber means
means from said atmosphere;
when the biomass mixture is levelled thereby per
a level sensing means extending into said ?rst com
mitting an even burn of said biomass in said ?rst
bustion chamber means and connected to said
combustion chamber means.
feeder means for sensing the level of the biomass
2. An apparatus in accordance with claim 1, wherein
mixture in said ?rst combustion chamber and for 25 said second combustion chamber means further com
terminating the feed of said screw feeder means
prises:
when said biomass mixture reaches a predeter
secondary air inlet port means for permitting a sec
ondary ?ow of air to ?ow into said second combus
mined level;
a second combustion chamber means for receiving
tion chamber means; and
said ?rst combustion gas and burning said ?rst 30 second gas outlet port means for permitting said sec
combustion gas therein thereby producing a sec
ond combustion gas to exit from said second com
ond combustion gas;
bustion chamber means to said nozzle means.
means for directing said ?rst combustion gas into said
3. An apparatus in accordance with claim 2, further
second combustion chamber, said means having a
comprising means connected to said secondary air inlet
cross-sectional area such that the ori?ce passage 35 port means for regulating the amount and the flow rate
resistance to the air passing from said ?rst combus
of said secondary ?ow of air into said second combus
tion chamber to said second combustion chamber is
tion chamber.
increased permitting sufficient secondary air to be
4. An apparatus in accordance with claim 1 further
‘comprising regulating means associated with said noz
pulled into said second combustion chamber;
a nozzle means for forcedly directing said second 40 zle means for regulating the rate of ?ow of said second
combustion gas from said second combustion
combustion gas through said nozzle means thereby
chamber means onto said object, said second com
regulating the output temperature of said second com

bustion gas drying said object;

bustion gas being directed onto said object.
5. An apparatus in accordance with claim 1, wherein
bustion chamber means for creating a negative 45 said ?rst combustion chamber means further comprises
pressure region within said apparatus, said negative
ash port means for permitting the burned biomass mix
ture in said ?rst combustion chamber means to fall from
pressure region drawing said ?rst combustion gas

pump means communicating with said second com

into said second combustion chamber means and

said ?rst combustion chamber means into an ash collec
tion chamber means.

forcedly directing said second combustion gas
through said nozzle means and onto said objects;
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